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Abstract
Anthropogenic feeding of wildlife provides a valuable opportunity for people to engage with animals, but such feeding has
the potential to be detrimental to the species involved. Ducks are frequently fed at urban ponds globally, yet the health
impacts of an urban lifestyle for birds are poorly documented. We studied urban and rural Mallards (Anas platyrhynchos) in
the Manawatu-Whanganui region (New Zealand). Mallards are opportunistic omnivores that have a phenotypically flexible
gastrointestinal system. As urban Mallards consume considerable amounts of low-fibre, high carbohydrate foods via an-
thropogenic feeding, we predicted that urban Mallards would have smaller gastrointestinal tract organs and higher fat lev-
els than rural ducks. We compared gross body composition of Mallards in a modified environment with high levels of feed-
ing by humans and in rural habitats. We also evaluated other health-associated aspects including fat deposit size, liver fat
content and haemosiderin (liver iron deposit) levels. Contrary to predictions, urban birds had larger gizzards and caeca and
were no fatter than rural birds; rural birds additionally had larger pectoralis major muscles. These differences are probably
associated with broader ecological and behavioural factors than with the provision of anthropogenic food per se [in particu-
lar the presence of hard foods (acorns and nuts) for urban birds, and higher flight activity of rural birds]. Longer caeca in ur-
ban birds could, however, relate to immunity rather than microbial fermentation of cellulose. Overall, while the nature of
the local environment does affect Mallard physiology, no detrimental effects of urban living were evident in this study.
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Introduction
With an increasingly urban human population (Oro et al. 2013;
McDonnell 2015), more people are becoming limited in their en-
gagement with wildlife (Jones 2011a). One of the methods peo-
ple in urban areas are engaging with nature is through their
local parks by feeding animals natural and anthropogenic foods
(Jones 2011b; Cox and Gaston 2018). In New Zealand, 46.6% of
households engage in wildlife feeding, with bread constituting
88.1% of the food offered (Galbraith et al. 2014). Given that urban
landscapes have been altered for human needs and as anthro-
pogenic foods are absent in the wild, there is a difference in
food availability between the urban and rural settings
(Chace and Walsh 2006; Amrhein 2014). Changes in food avail-
ability and diet will likely affect the total quantity of fats, pro-
teins and carbohydrates that urban wildlife will ingest (Kohl
et al. 2017). Although anthropogenic foods can provide enough
energy to meet metabolic needs, insufficient macronutrients in
anthropogenic foods can have detrimental effects on the body
condition of urban species (see Murray et al. 2018).
The digestive tracts of birds are known to be highly pheno-
typically flexible and responsive to the composition and nutri-
tional value of the foods being digested (Battley and Piersma
2005; Champagnon et al. 2012). It has been suggested that hav-
ing a gastrointestinal (GI) tract that responds to food availability
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ensures optimal digestion of nutrients and reduces metabolic
costs associated with an inefficient GI system (Battley and
Piersma 2005; McWhorter et al. 2009). Organs that have been
found to change in response to food quantity and intake are the
gizzard, small intestine and liver (Battley and Piersma 2005).
Mallards, Anas platyrhynchos, are opportunistic omnivores
that have a highly responsive GI system. Miller (1975) found
that the Mallards’ GI tract rapidly changes in response to highly
indigestible foods being introduced to the diet. A diet high in in-
digestible fibre has been shown to result in a significant elonga-
tion of the caeca, small intestine and large intestine (Miller
1976). The gizzard is a large and heavy organ in birds responsi-
ble for the mechanical breakdown of food, and its size can re-
flect the quantity and quality of foods being consumed (Moore
1998b). There may also be pressures to minimise mass to help
facilitate flight (Moore 1998a).
Given that the diet of a Mallard varies between habitats as
food availability and abundance differs, i.e. fish, insects, mol-
luscs, plant material, seeds (see Jorde et al. 1983; Khan et al.
1996; Guillemain et al. 2000; Arzel and Elmberg 2004; Chapman
and Jones 2011), and their GI tract responds to the types of foods
being ingested, it is likely that consumption of anthropogenic
foods in urban areas results in changes in the GI tract.
Specifically, if birds are eating lower fibre foods, we would pre-
dict shorter GI tracts and smaller gizzards in urban birds.
Additionally, the greater intake of carbohydrates from anthro-
pogenic food and lack of foraging effort required to obtain it
raises the possibility that there are direct health impacts (i.e. in-
creased fat levels) for Mallards with an urban lifestyle.
In this study, we compare the body composition of rural and
urban Mallards in New Zealand. We compare the masses of dis-
sected muscle and digestive organs, and fat deposits, between
rural and urban birds. We also test for differences in fat accu-
mulation (excessive caloric intake to energy expenditure ratio)
and metal deposition (accumulation of iron from the diet) in the
liver to assess for potential organ damage and disease between
the two habitats. The combination of these should reveal
whether there are discernible diet-related impacts on the inter-
nal morphology and health of urban ducks at a site regularly
provisioned with anthropogenic foods.
Methods
Animal collection
Adult Mallards were collected over a 10-week period between
February and May 2018. Urban ducks were collected from the
Victoria Esplanade (4022015.100S 17537003.000E) and the
Hokowhitu Lagoon (4022009.800S 17537045.100E) (Fig. 1) in
Palmerston North, New Zealand, captured by hand or by walk-
in cage trap. The population of Mallards at the Victoria
Esplanade (the main urban study site) averages around 130
birds in summer and 100 birds in winter (Jarman 2019). Rural
Mallards were captured using baited walk-in cage traps across
multiple sites across the Manawatu-Whanganui region
(4018015.900S 17530022.600E, 4018029.900S 17541001.300E,
4018006.900S 17545053.600E). Additional rural Mallards were do-
nated by Fish and Game Wellington from reclaimed illegally
shot game (4018015.900S 17530022.600E). Ducks captured live were
euthanased by sedation with an intramuscular injection of
1.0 mg/kg of midazolam and 4.0 mg/kg of butorphanol followed
by an intravenous injection of 150 mg/kg of pentobarbital. In to-
tal, we analyse 12 rural females and 8 rural males, and 11 urban
females and 10 urban males.
Morphometric assessments
Prior to dissection, bill length, total head length and tarsus were
measured (using Vernier callipers to 60.1 mm). Wing length
was recorded using the maximum chord method (Spencer 1976)
by flattening the wing along a steel ruler (61 mm), and body
mass was recorded on a digital scale (61 g). During dissection,
the right-hand side of the keel and the right coracoid were ex-
posed. Four measurements of the keel and coracoid were taken
in accordance with Piersma et al. (1984, measurements a–d in
their figure 1, representing keel length, width and depth and the
length from the keel to the distal end of the coracoid). The right-
hand side pectoralis major and supracoracoideus muscles were
removed and collected, then the entire keel removed to expose
the cardiovascular organs and GI tract. The right leg was also re-
moved, and muscles dissected out.
Before removal, the heart width (greatest width from right
atrium to left atrium), length (greatest length from right atrium
to apex) and coronary band thickness (greatest width of fat)
were measured (60.1 mm). Each heart chamber was opened and
rinsed with water to remove any congealed blood prior to dry-
ing. The liver was measured in situ along the body axis (length
60.1 mm) and carefully removed. The abdominal viscera were
then removed and laid straight, but not stretched, on a wet sur-
face. The spleen and mesenteries were removed leaving only
the GI to be separated into the proventriculus, gizzard, small in-
testine (gizzard to the anterior junction of the caeca), large in-
testine (anterior junction of the caeca to the rectum) and caeca
(as outlined by Moore and Battley 2006). The proventriculus
length, large intestine length, and gizzard external length,
width and depth were all measured (60.1 mm). The gizzard was
cut in two along the medial plane, allowing for gizzard muscle
and koilin thickness (membrane formed by sections of glands of
the gizzard) to be measured (thickest measurement taken
60.1 mm). Lengths of the small intestine and each caecum were
measured using a steel ruler (61 mm).
All muscle, fat and organ samples were placed into pre-
weighed, labelled aluminium dishes and the fresh weight
recorded (60.001 g). After the fresh weight of the liver was
taken, a 1 cm cube of the liver was removed for histology and
weighed. All samples were then dried at 70C for 7 days before
being cooled in a desiccator and reweighed to obtain the dry
mass. The entire dried liver was placed into an envelope made
of filter paper and individually submerged in a sealed glass bot-
tle of 100 ml petroleum ether. The petroleum ether from each
bottle was removed and replenished every 4 days until the
mass of the liver did not change for two consecutive days. Fat
mass of the liver was obtained by subtracting the fat-free dry
mass from the dry mass, and the resulting fat mass was
expressed as a percent of the dry mass. The dry mass of the
liver was corrected to include the sample removed for histology
before statistical analysis.
We used external (lengths of the bill, total head and tarsus)
and internal (all four sternum measurements) bone measure-
ments in principal component analyses (PCA) to produce overall
measures of body size. Wing length was not included in the ex-
ternal PCA as some individuals were undergoing wing moult.
We used component 1 of the PCA as a size measure and com-
pared how well these PCA-derived size measures correlated
with organ masses. While the external PCA explained 63% of
the size variation between individuals, it was much less corre-
lated with organ sizes than the internal PCA (which explained
52% of the variation in measurements). Therefore, we used PC1
of the internal size PCA as the size measure in analyses.
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Individual factor loadings were keel length 0.546, keel to cora-
coid length 0.590, keel width 0.216, keel depth 0.408 and cora-
coid length 0.374.
Liver histology
Formalin-fixed samples of liver were prepared using standard
histological techniques and tissue staining as described in Cork
(2000) to assess the degree of haemosiderin (iron-storage com-
plex) and by Wight and Siller (1975) to assess lipid deposition in
hepatocytes. A minimum of 20 high powered fields of hepato-
cytes was evaluated for each bird. A subjective score of 0–3 was
assigned based on the presence of haemosiderin and lipid depo-
sition. Haemosiderin deposition in the liver were assigned
scores dependent on the quantity of pigmentation of the cyto-
plasm of hepatocytes and Kupffer cells: 0—no pigment present
or only very occasional granules in the cytoplasm of hepato-
cytes, 1—pigment present in the cytoplasm of some hepato-
cytes and occasional Kupffer cells, 2—pigment present in the
cytoplasm of most hepatocytes and regularly in Kupffer cells
and 3—heavy load of pigment present in the cytoplasm of all
hepatocytes and swelling the cytoplasm of Kupffer cells.
Lipid deposition in the liver was also assessed following a
similar scoring system based on the presence of fat vacuoles in
hepatocytes and severity of distortion of the hepatocytes: 0—no
fat vacuoles present in hepatocytes, 1—occasional fat vacuoles
in the cytoplasm of hepatocytes with no distortion of the hepa-
tocyte size, 2—fat vacuoles common in hepatocytes with some
associated swelling of the hepatocytes and 3—fat vacuoles
present in the cytoplasm of all hepatocytes with associated
swelling and distortion of the hepatocytes.
One urban female’s liver was too severely autolysed to inter-
pret with any confidence and therefore was excluded from the
analysis.
Statistical analyses
All statistical analyses were conducted using program R (ver-
sion 3.5.1) (R Core Team, 2019) and to a significance level of
P< 0.05. Fat, organ and muscle dry weights were tested for nor-
mality using a Shapiro–Wilk test. Measurements and weights
that did not follow a normal distribution were transformed us-
ing the Tukey transformation procedure in the ‘rcompanion’
package; this successfully normalised all non-normal variables
with the exception of visceral fat mass. We tested for effects of
habitat and sex on body composition via linear models (‘lm’
function) with habitat (rural and urban) and sex (male and fe-
male) as factors and body size (PC1 based on internal skeletal
measurements) as a continuous additional covariate to account
for differences in organ mass that may scale with size. Starting
with a global model including interactions, the ‘step’ function in
R was used to progressively simplify the candidate model via
comparison of Akaike information criterion (AIC) values until
the ‘best’ (lowest AIC) model was found. We compared all mod-
els within two AIC units of the selected models where model
simplification was supported. In most cases (17 of 26), there was
no change in the identification of significant variables but in
eight cases the less well-supported models failed to detect a
main significant effect present in the main model. Of the 33
Figure 1: Maps of the study sites in the North Island of New Zealand, showing the location of the rural (upper left) and urban (lower left) capture sites in yellow
(Victoria Esplanade is the left-hand point in the lower map).
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models tested, 11 were not significant or the models simplified
to a null model with no variables. All factors in the significant fi-
nal models are listed in Table 1, and full model outputs are pro-
vided in the Supplementary materials. Organ data are
summarised in the text and tables as means 6 standard devia-
tion. Scores from the liver histology haemosiderin and lipid de-
position were compared using chi-squaretests. Where results
are visualised using box plots, graphs can be intrupted by boxes
enclose the 25th–75th percentiles and the median, whiskers ex-
tend to the range, or to 1.5 times the interquartile range with
circles showing outliers outside this range.
The use of Mallards in this study was approved by the
Massey University Animal Ethics Committee (17/92). Permission
was granted by the New Zealand Fish & Game Council to collect
Mallards for this study. Additionally, the Palmerston North City
Council approved the conduct of this study on the public-




On average, males were heavier than females (means of
1098.8636.6 g for rural females, 1121.06116.8 g for urban
females, 1233.2 6 135.5 g for rural males and 1185.0 6 94.7 g for
urban males) but this difference largely reflected the larger body
sizes of males (the only significant factor affecting mass was
size; Table 1). Controlling for size, there were no differences in
body mass between sexes or sites. The pectoralis major muscle
varied not only with size (P¼ 0.007), but also with habitat
(P¼ 0.021), with significantly heavier muscles in rural than ur-
ban ducks. Neither supracoracoideus nor leg muscles differed
significantly between sites or sexes (Fig. 2, though supracoracoi-
deus almost did with sex), but leg muscle mass increased with
body size (P¼ 0.017). The dimensions (length and width) of the
heart differed between the sexes (larger in males; Table 1 and
Fig. 2) but there was no significant variation in the coronary fat
band width.
Digestive organs
Body size related to organ size for a range of digestive organs
(liver length, proventriculus length, gizzard mass and length,
small intestine mass and length, large intestine mass and caeca
mass and longer caecum length), but habitat (urban versus ru-
ral) also affected gizzard mass and size (larger in urban birds)
and caeca lengths (longer in urban birds) (Table 1 and Fig. 3).
Gizzards were also larger in males (width of gizzard and thick-
ness of the gizzard muscle), as was the length of the shorter
caecum. Variation in liver mass, pancreas mass, proventriculus
mass and large intestine length were not explained by the fac-
tors tested. The spleen varied in complex ways with habitat, sex
and size, due largely to urban males having light spleens
(Table 1). There was also an interaction in liver length, which in-
creased less with size in males than females.
Fat deposits
Variation in fat masses was poorly explained by the models,
with only a lower level of abdominal fat in urban birds being de-
tectable (Table 1), though the general pattern was for urban
birds to have lower fat levels (Fig. 4). Urban birds on average had
around half the fat content in their livers compared with rural
birds (Fig. 4).
Liver histology
There were no significant differences in haemosiderin (v2, df¼ 3,
P¼ 0.398) or lipid (v2, df¼ 3, P¼ 0.412) deposits in the liver of ru-
ral or urban ducks. A high proportion of Mallards (13/23 rural,
12/17 urban) had a lipid deposit score of 0, whereas haemosi-
derin deposits were fairly evenly spread across all scores for
both urban and rural Mallards (Fig. 5).
Discussion
We documented several differences in body composition be-
tween urban and rural Mallards, principally that the main flight
muscles were larger in rural birds, and the gizzard and caeca
were larger in urban birds. We did not have an a priori prediction
about flight muscle mass but had predicted that urban birds
would have smaller digestive organs than rural birds would.
This prediction was made on the assumption that urban birds
foraged primarily upon anthropogenic foods.
An effect of body size was present in the masses of a range
of exercise and nutritional organs (leg muscles and the pectora-
lis major flight muscle; liver, intestines, caeca) but not in any fat
deposits. It is not surprising that muscle mass increased with
body mass given that larger muscles are needed to support the
locomotion of larger individuals (Lindstrom et al. 2000;
Biewener 2011), and this was true for both flight and leg
muscles. Interestingly, the pectoralis major was larger in rural
Mallards than in urban Mallards despite no difference in overall
body weight or size between the groups, even when sex was
accounted for. Rural Mallards are likely to have larger home
ranges and therefore greater flight requirements than do urban
birds. In the USA, Varner et al. (2014) found that the median
home range of rural Mottled Ducks (A. fulvigula) was more than
65 times larger than that of urban ducks. Therefore, rural ducks
probably forage over larger areas and spend more time flying
than do urban ducks (Møller 2009; Bengtsson et al. 2014), result-
ing in larger flight muscle masses.
The digestive organs of birds are notable for their phenotypic
flexibility (Piersma and van Gils 2011) and respond to the kinds
of foods available in an individual’s environment. Dietary fibre
is known to have profound effects on the function and length of
avian GI tracts (Clench and Mathias 1995; Battley and Piersma
2005; Durant 2013). Foods high in dietary fibre have low rates of
digestibility and the lengthening of the intestine allows for a
greater quantity of food to be accommodated and therefore
processed, increasing digestive efficiency (Moss 1989).
Additionally, a large gizzard mass is required to provide the me-
chanical forces required to shear the bonds of structural fibre,
thus many grazing species have large muscular gizzards (Moore
1998a). Given that the diet of urban ducks includes a substantial
contribution of anthropogenic foods, we expected that urban
Mallards would have shorter GI tracts than rural Mallards (as
anthropogenic foods would not need hindgut fermentation to
break down the complex bonds between molecules: Svihus
et al. 2013) and smaller gizzards (due to lower levels of indigest-
ible fibre in the urban diet).
Instead, we found the opposite: urban Mallards had larger
gizzards in addition to having longer caeca compared with rural
Mallards. This suggests that urban Mallards have a high intake
of dietary fibre or additionally forage on other food items that
require mechanical force to process (Miller 1975). The hardness
of food has been also shown to increase the size of gizzards
(Richardson and Wooller 1990), and experimental work with
shellfish-crushing Red Knots (Calidris canutus) shows their
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gizzards can increase in size by almost 150% in 6 days when
hard food items are introduced to the diet (Dekinga et al. 2001).
The local environment at the Victoria Esplanade includes nu-
merous oak trees and palm trees, and Mallards have been ob-
served foraging on both acorns and palm seeds (T.E.J. and P.F.B.,
pers. obs.)—this is likely the cause of their enlarged gizzards.
Mechanical pressure produced increases in proportion to giz-
zard muscle thickness (Moore 1998a), and a larger gizzard
allows greater processing rates of hard material (van Gils et al.
2003). Additionally, as urban Mallards are probably flying less
than their rural conspecifics (Varner et al. 2014), they may not
need to reduce their gizzard size, and hence total body weight,
to facilitate flight (Moore 1998a).
High food intakes in urban Mallards, from either anthropo-
genic or natural sources, would result in lengthening of the GI
tract (Miller 1975, 1976; Karasov 1996). In our study, however,
the size of the GI tract typically increased with body size and
not between urban and rural environments. This makes sense
as a larger GI tract is required to meet the metabolic demands of
a larger body (Miller and Eadie 2006). In saying that, there will be
an increase in basal metabolic cost to maintain a larger GI tract
(Battley and Piersma 2005), which in turn would reduce the ex-
cess energy available to convert into fat. Although many
digestive organs in our study increased in size in proportion to
body size, two digestive organs did differ in size between rural
and urban environments, the gizzard and caeca.
The caeca have multiple functions in birds including mi-
crobial fermentation, water and nitrogen absorption and
immunosurveillance (Klasing 1998). High intakes of dietary
fibre in the diets of Mallards can also affect caeca length
(Miller 1975, 1976; Kehoe et al. 1988; Clench and Mathias
1995). We found that urban Mallards had larger caeca that
rural Mallards. It is unlikely that urban birds had a high-
fibre diet (Ottoni et al. 2009), and an alternative explanation
for their longer caeca is that they could play a greater role
in immunosurveillance in the high-density urban environ-
ment where the risk of disease is greater (Clench and
Mathias 1995; Murray et al. 2016). Additionally, urban
Mallards have been found to have higher levels of microfun-
gal biotic diversity than rural Mallards (Meissner et al. 2015).
Therefore, the elongation of caeca could be the result of the
continuous immune response to individuals living in a habi-
tat where contact with different pathogens is common
(Clench and Mathias 1995). Parasite infestation is also
known to influence fat deposits of individuals, as the uptake
of nutrients and energy from food ingested will divert to the
Figure 2: Dried mass of skeletal and cardiovascular muscles of rural and urban Mallards (Sample sizes from left to right¼ 12, 8, 11 and 10).
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parasite from the host (Brown et al. 1995), reducing the total
energy available to the host species.
As anthropogenic foods such as bread are typically high in
carbohydrates (Friedman 1996), and thus energy, it would be
expected that urban Mallards would have large fat deposits due
to excessive energy being converted to fat. However, there were
no significant differences in fat deposits between the two
groups. Urban birds having poorer body condition than their
Figure 3: Dried organ masses in urban and rural Mallards (Sample sizes and box conventions as in Fig. 2.).
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Figure 4: Dried fat masses in urban and rural Mallards; fat in the liver represents chemically extracted fat as a percent of the liver dry mass (Sample sizes as in Fig. 2.).
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rural conspecifics has also been seen in the American white ibis
(Eudocimus albus) (Murray et al. 2018) and House Sparrow (Passer
domesticus) (Liker et al. 2008).
This could be a result of the predictable nature of the anthro-
pogenic food supply meaning that birds do not need substantial
fat stores as an energy buffer. Males tended to dominate food
hand-outs (T.E.J., pers. obs.), and the lower fat levels in urban
males could mean that they, in particular, need less of an ener-
getic buffer than females do. An alternative explanation could
be the ‘credit card’ hypothesis (Shochat 2004). In this, the pre-
dictable food supply and low predation risk at urban sites allow
excessively high populations to congregate, despite them ex-
ceeding the local carrying capacity. This results in many birds
being in poor condition, with just a few ‘winners’ expected to
dominate the food resources, and urban birds would have
poorer body condition than individuals in a more natural envi-
ronment (Liker et al. 2008). It is suggestive that the leanest birds
in our sample were urban males, implying that they might face
the largest nutritional deficit.
Although urban species have lower predation risk and asso-
ciated stresses, the urban environment can be just as stressful
on urban species as rural environments are on their rural coun-
terparts (Ditchkoff et al. 2006). Stress is known to cause weight
loss in the long run as glycogen stored in the liver is broken
down into glucose, thus drawing from the individual’s energy
reserves (Siegel 1980). Urban Mallards in our study had lower
proportions of fat in their liver than rural Mallards.
Additionally, when Mallards were captured for this study, both
groups had just undergone the physiological process of moult-
ing their flight feathers (Sheppard 2017). Moulting is physiologi-
cally expensive with Mallards having an estimated 30% increase
in their basal metabolism to meet the energy required to un-
dergo a complete moult (Fox et al. 2013). Mallards meet this in-
crease in metabolic cost by drawing from their fat stores
(Pehrsson 1987). This may explain why we found no difference
in most discrete body fat positions in urban and rural birds. It is
less clear why we found a difference in extracted liver fat levels
between the two groups but no difference in histological lipid
scores for the liver, with most birds having a score of zero
(Fig. 5).
Although urban Mallards have been found to have greater
iron concentrations in their blood than rural Mallards
(Binkowski and Meissner 2013), we found no significant differ-
ences in haemosiderin between individuals from either habitat.
This could be due to our urban site not having a history of
industrial activity, or to rural mallards residing in or near inten-
sified agricultural land, a known contributor to metals in soils
and water (Mance 2012). Therefore, we cannot conclude if either
population is experiencing greater levels of oxidative stress
than the other (Koivula and Eeva 2010).
While this study was not an explicit test of the impact of
feeding per se, the results showed that Mallards living an ur-
ban lifestyle—in which anthropogenic feeding plays a large
role—results in differences in body composition. Whether
all the differences we documented are related to diet and
activity, or whether some represent responses to other chal-
lenges, is unclear. The longer caeca of urban birds may not
be needed for hindgut fermentation to break down low-fibre
anthropogenic food, so could potentially reflect immune
challenges. Likewise, whether the lower fat levels in urban
birds represent an inability to deposit fat, compared with it
reflecting a lack of need of an energetic buffer, need further
work.
The study site is in many ways a typical local council artifi-
cial pond, being easy to access for people, with a café and play-
ground nearby, and is popular with young families who enjoy
feeding the ducks. But it is also set near a remnant patch of na-
tive forest, has extensive exotic tree plantings and is close to a
river. Mallards can be observed departing the pond at dusk and
arriving after dawn, evidently having been feeding elsewhere,
and a Global Positioning System (GPS)-tracked duck from the
pond did visit the nearby Manawatu River (Jarman 2019).
Despite having a regular supply of anthropogenic food, ducks
using the site may still maintain a substantial level of natural
foraging on the urban–rural fringe, and so these ‘urban’ ducks
may be far less urban than birds in other locations and this may
contribute to directions of the differences we found.
Comparison of our results with birds from truly ‘urban-locked’
sites might clarify how site-specific any effects of urbanisation
are.
Supplementary data
Supplementary data are available at JUECOL online.
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